B. gibsoni is distributed in many regions throughout the world, including Asia, Africa, Europe, America and Australia [1, 13, 16] . In Japan, it is distributed mainly in the western part [3, 4, 7, 8] and only a few epidemiological and clinical studies have been reported on canine B.
gibsoni infection in eastern Japan. All of the confirmed cases of B. gibsoni infection in the eastern part of Japan were found among Tosa dogs, a fighting breed raised only in Aomori Prefecture [3, 10, 17] . Transmission of B. gibsoni in this area was thought not to occur via ticks [3] , although the vector tick species, Haemaphysalis longicornis, is distributed throughout Japan [19] . Thus, the actual distribution of B. gibsoni in dogs in eastern Japan is unknown.
In general, Babesia infections are diagnosed based on the observation of a thin blood film stained with Giemsa. However, this method is affected by the subjectivity of the observers and is limited in its sensitivity. Recently, molecular methods, including polymerase chain reaction (PCR), have proven effective in some epidemiological studies of Babesia infection in dogs [3, 8] . Meanwhile, an enzyme-linked immunosorbent assay (ELISA) with immunodominant antigen P50 of B. gibsoni has been developed as a serodiagnostic method [2] .
The advantages of PCR and ELISA over other techniques are their sensitivity and specificity for diagnosing canine babesiosis caused by B. gibsoni. Using the combination of these two methods, not only current infection but also past infections can be detected.
In the present study, an epidemiological survey of dogs suspected of having B. gibsoni infection was attempted using PCR and ELISA to determine the distribution of B. gibsoni 5 infection in dogs in the eastern part of Japan. with the primer set Gib599F and Gib1270R, which was designed based on the 18S rRNA gene sequence [8] . The amplification procedure was reported previously [6] , but the annealing temperature in this study was always 55℃ . Genus-specific PCR for Ehrlichia and Babesia [5, 27], and screening PCR for hemoplasmas [14] (including the organisms formerly known as Haemobartonella spp.) were also performed on all samples by using the primers listed in Table   1 .
MATERIALS AND METHODS

Sampling
ELISA: ELISA with GST-P50t was essentially carried out according to the protocol of Verdida et al [20] . Briefly, 96-well microplates were coated with the antigens, GST-P50t and GST (negative control), at a concentration of 250 ng per well. If the difference between the absorbance of the antigen (GST-P50t)-containing well and that of the control antigen 6 (GST)-containing well was equal to or greater than 0.1, the reaction was considered positive. 
DISCUSSION
In the present study, PCR and ELISA were used to perform on epidemiological study of B. gibsoni infection in dogs in eastern Japan. Both the PCR and ELISA with GST-P50t tests used in this study have been reported to be sensitive and specific methods for the detection of B. gibsoni infection in dogs [8, 20] . Using these tests, we detected B. This indicates that these dogs had had infection of B. gibsoni in the past, and antibody production against B. gibsoni was long-lasting, although B. gibsoni antigens in the peripheral blood were currently under the limit of detection by PCR. Another possibility is that the parasites were distributed mainly in other organs such as the spleen, although they were low in peripheral blood.
Thirty-two of 35 dogs that were positive by PCR and/or ELISA were traditional fighting breeds: Tosa dogs (28 dogs) and American Pit Bull Terriers (4 dogs). They had a significantly lower rate of tick exposure and higher rate of bites by other dogs compared to dogs negative in both tests. This result suggests that the main route of transmission of B.
gibsoni in fighting dogs may be bite wounds rather than tick bites. B. gibsoni is generally transmitted by ticks such as Haemaphysalis longicornis or Rhipicephalus sanguineus [11, 12] ; however, it can also be transmitted by direct blood contamination, such as through fighting or blood transfusions.
Three mongrel dogs that were PCR and/or ELISA positive had no history of dog bites.
One of them had a prior history of tick exposure in Hyogo Prefecture and subsequently showed clinical manifestations including lethargy, anorexia, anemia, and fever, suggesting B. gibsoni infection. It is possible that the dog was infected with B. gibsoni via ticks in western Japan.
The other two dogs had no apparent tick exposure, and their routes of infection were uncertain.
The present study revealed that most of the dogs positive for B. gibsoni showed thrombocytopenia. This finding is similar to those of previous studies [9, 15] . However, there were no other significant differences of clinical manifestations between the PCR-and/or ELISA-positive dogs and the dogs negative for both tests.
Recently the red cell parasites formerly known as Haemobartonella spp. have been reclassified as hemotorophic mycoplasmas (hemoplasmas) [18] . In our study, the rate of co-infection of hemoplasma in the PCR-and/or ELISA-positive group was significantly higher than that of B. gibsoni-negative dogs, but there were no significant differences of clinical manifestations in dogs with versus without co-infection. This finding suggests that the route of transmission of B. gibsoni and hemoplasma was the same. However, there have been no studies reported on this issue. Further studies will be necessary to clarify the relationship between B.
gibsoni and hemoplasma infection in dogs. Fourteen among 80 dogs that were negative by B.
gibsoni PCR and ELISA were hemoplasma positive. Thus, the clinical manifestations among these dogs may possibly be caused by hemoplasmas; however, the rest of 66 dogs were detected no pathogens in this study. The causes of the clinical symptoms found in these dogs were not determined in this study.
To date no ticks in the eastern part of Japan have been found to be positive for B. gibsoni [7] . The present study revealed that B. gibsoni-infected dogs were widely distributed in the eastern part of Japan and most of them were fighting dogs and had a low rate of exposure to ticks. It is possible that B. gibsoni infection is prevalent only among fighting dogs in the eastern part of Japan. However, Haemaphysalis longicornis, a predominant tick species in dogs, is known to transmit B. gibsoni [11] . It is widely distributed throughout Japan, including eastern Japan, the area of this study [17] . Thus, it is also possible that B. gibsoni is transmitted through blood from infected dogs to ticks and may be established among ticks in the eastern part of Japan. Surveys of ticks as spontaneous vectors of B. gibsoni and dogs other than fighting dogs will be needed to evaluate the actual distribution of B. gibsoni in eastern Japan. 
